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HIGESUESONICSPEEIX03’A MODELWITE

A WINGHAVING32.& SWEEPBACK

By Wild.ismJ.Alford,Jr.,andThomasB. Pasteur,Jr.

SUMMARY .-

An investigationwasmadeintheLangleyhigh-speed7- by 10-foot
tunnelto determinetheeffectsof changesin aspectratioandtail
heightonthelongitudinal.stibilitycharacteristicsof a modelwitha
winghaving32.6°sweepback.Alsoinvestigatedweretheeffectsof a
leading-edgediscontinuity.ThetestMachnmnberswere0.80,0.90,
and0.93andtheaverageReynoldsnumberwas3,200,000.

Theresultsindicatedthat,withintherangeof vsriablesconsidered,
themostfavorablepitching-momentcharacteristicsat a Machnumber
of0.90wereobtainedby locatingthetail belowthewing-chordplane.
Decreasingtheaspectratiocaumdminor variationsinthehigh-lift
stabilitycharacteristics.Theleading-edgediscontinuityproducedno
beneficialeffectsat a Machnumberof0.90and,in somecases,hada
detrimentaleffectonthepitching-momentcharacteristics.

INTROIXJCTION

Manycurrentairplanedesignshavingthinsweptbackwingshave
exhibitedundesirablelongitudinalstabilitycharacteristicsinthe
high-liftrangeas a resultofflowseparationovertheoutboardpor-
tionsof thewing.

Ihtheinvestigationsreportedin references1 to 3,detailed
studiesweremadeof theeffectsofvariouswingmodificationsandtail
heightsonthestabilitycharacteristicsofwingswith45°sweepsnd
havinganaspectratioof k. Theresultsindicatedthatsatisfactory
stabilitycharacteristicsprobablycouldbe obtainedby locatingthe
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horizontaltaila sufficientdistancebelowthewing-chordplane;how-
ever,itwasrealizedthatsucha configurationmayinvolvecertain
practicalproblems.Resultspresentedinreference4 onwing-fuselage
configurationshavingdifferentsweepanglesindicatedthatfora 32.60
sweptwingof aspectratiok thepitching-mcmentcharacteristicswere
reasonablylinear.Itappeared,therefore,-thatproblemsinvolvedin
developinga completeconfigurationwiththe32.60sweptwingmaybe
lessseverethanthoseencounteredwitha 45° sweptwing.

In orderto furnishpreliminaryinform&ionjanexploratoryinves-
tigationwasundertakeninwhichtheaspectratioofthe32.60sweptwing
wasvariedfrom4.0to 3.5andthento3.0by cuttingoffportionsof
thewingtips. Foreachaspectratio,testsweremadewithandwithout
a leading-edgediscontinuity.Foreachwingconfiguration,testswere
madewiththetailoff,withthetaillocatedslightlybelowtheting-
chordplane,andwiththetaillocatedslightlyabovetheti~-chord_
plsne.

TheinvestigationwasmadeintheLangleyhigh-speed7- by 10-foot
tunnelatMachnumbersof0.80,0.90,and0.93throughanangle-of-attack
rame thatwasdeteminedby theloadlhrLtofthebalancesystem.Id.ft,
dra~jsndpitching-momentd&a were
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A wingaspectratio,b2/S

c localwingchord,ft

r meanaerodyusmi,cchord,ft

ET me= aerodynamicchordoftail,ft

Cr rootchord,ft

Ct tipchord,ft

A taperratio,ct/cr

M Machnumber

v velocityoffreestresm,

P airdensity,slugs/cuft

F spanwisedistsnceto 7S

ft/sec

frm plsmeof symmetry,ft

% horizontal-tailheightmeasuredfromwing-chordplane,
percentof respective~

a

horizontal-tail

horizontal-tail
plsne,deg

lengthmeasuredfrom ~ to ~, .ft

incidencemeasured

angleof attack,measuredrelative

mm ANDAPPARA?rus

4
~.

relativetowing-chord

3

towing-chordplsae,deg

Thebasicwingutilizedinthisinvestigationhad32.6°sweepback
of itsqp.arter-chordlineandhadan aspectratio4.0,a taperratio0.60,
andNACA65AO06airfoilsectionsparallelto the~ee stream.Thewing
had0° twist,0° dihedral,andthewing-chordplanewascoincidentwith
thefuselagecenterline. Amore comprehensiveinvestigationofthe
presentwing-fuselagecombinationandofthefuselsgeincanbinationwith
wingsof othersweepangleshasbeenpresentedinreference4. Thewings,
fuselage,andhorizontaltailwereconstruc~dof &Luminmn.Fuselage
ordinatesarepresentedin tableI.

,.
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Thedecreasesinwingaspectratiowe~eaccomplishedby successively
clippingthewingtipsinordertoobtainvaluesof 3.5and3.0. A more
detailedlistingofwinggeometryassffectedby the~aspect-ratiochanges
ispresentedinfigure1.

Themodelwasinvestigatedwithtwohorizontal-tailheights;one
2.5inchesabovethewing-chordplane,and-theother2..5inchesbelow
thewing-chordplans.Thehorizontal-tailincidencewas-2.7°except
foronecasewheretheincidencewasinadvertentlysetat0.2°. A
drawingshowingthegeometryofthehorizontaltaUs ispresentedin
figure2.

—-
A leading-edgediscontinuitydesignedfromreference5 to improve

thehigh-liftinstabilityorpitch-uptendencyis shownin figure3.
Thismodificationconsistedofa “notch,”2 percentoftherespective
semispeninwidth,withitsouteredgelocatedat 70percentofthe
respectivesemispan,anda chord-extensionwithitsinboardedgeat
70percentoftherespectivesetispa. The.physicalqnsions. ofthe.
chord-extensions,as showninfigure3,weretheseaue~orallthewings
regardlessofaspectratio.Theumodi.fiedwingsarelabeled“basic”
ad the-s tiththeleading-edgediscontinuityarelabeled%dified”
on thefigurespresentingtheaerodynamiccharacteristics.

.-
Themodelwasmountedon thesting-supportsystemshowninfigure4.

Withthissystemthemodelwasremotelycontro~edthroughan angle-of-
attackrangeofabout--2°to25°at M = O.@, -2°to17°at M = 0.90,
~d -2°to-120at M =
measuredby useofthe

Theinvestigation

.

. .. .

—

.—

—.

—

.

0.93. Lift,drag,and-pitching-rncmentdatawere
strain-gagebalanceshowninfigure~. Y-

TESTSANDCORRECTIONS

wasmadeintheLangleyhigh-speed7-by 10-foot
windtunnelatMachnumbersof0.80,
Reynoldsnumberofthewingsforthe
minedfromreference6,wasfoundto
coefficientspresentedinthispaper
dimensionsfora givenaspectratio.

——

0.90, and0.93. Theaverage
Machnumbersinve@igated,asdeter-
be 3,200,000.Theforceandmcment
arereferredto theappropriate

-.

Blockagecorrectionsweredeterminedby-themethod.ofreference7
andwereappliedtotheMachnumbersanddynGmicpress@es.Jet-bmndary
corrections,appliedtotheangleofattackanddragwe+ecalculatedby
themethodof reference8. Thejet-boundarycorrectionstothepitching
momentwereconsiderednegligibleandwerenotapplied.

No stingtarecorrectionswereobtainedduringthisinvestigation;
u

however,previousexperience(ref.9) indicatesthattarecorrectionsto
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thepitchingmomentandliftaxenegligibleforthewing-fuselagecom-
binations. Thestingtsxecorrectionsto lift,drag,andpitchingmcment
dueto addingthehorizontaltailin closepro~ty to thewing-chord
planehavenot,asyet,beenthoroughlyinvestigated.LMted tsretests,
witha yokestingsetup,haveindicatedthattheprimaryeffectwouldbe
a smalltrimchsngewtthlittleeffectonthestability.

Thedragdatahavebeencorrectedto correspondto a pressureatthe
baseofthefuselageeqyslto free-strewnstaticpressure.Thiscor-
rection@mountedto about0.0020at M = 0.80 andabout0.C030at
M= 0.93. Abuoyencycorrection,whichresultedfromthelongitudinal
pressuregradientexistinginthetestsection,wasappliedtothedrag
dataandamountedto abut 0.0017at M = 0.80 andabout0.0020at
M= 0.93. Bothofthesedragcorrectionswereaddedtothemeasured
dragdata.

Theangleofattackhasbeencorrectedfordeflectionof thesting
andbalancesystemunderload. Correctionsdueto aeroelasticdistor-
tionofthemodelhavenotbeenappliedto thedataofthepresentpaper;
however,theaeroelasticpropertiesoftheaspect-ratio-4.Owingwere
determinedinreference4 andwerefound.tobe smell.

bination

RESULTSANDDISCUSSION

basicdataforthewing-fuselageandthewing-fuselage-tailcom-
=e presentedinfigures6 to 14. In orderto-cmesentthesetits

ina fom tha~wouldlendit~el.freadilytopitch-upcal&lations
(ref.10),forceandmomentcoefficientsarepresentedas functionsof
bothliftcoefficientandeagleof attack.~ ordertoexmeditethe
publicationofthesedata,o~ a briefanalysis‘-“-n’’’a:~‘“””’- A
detaillistingofthefiguresforthebasicdata
followingtable:

Aerodynamiccharacteristicsofthewing-fuselage
combinations.. . . . . . . . . . . . . . . .

Aerodynamiccharacteristicsof themlng-fuselage-tailcombina-
tions,withthetaillocatedabovethewing-chordplane . . gtou

Aerodynamiccharacteristicsof thewing-fuselage-tailcombina-
tions,withthetaillocatedbelowthewing-chordplane . . 12to 14

Pitching-mcmentcomparisonofthevsriousconfigurations. . . 15

J-D -LLJ.GAUUGU LLCJ.GJAA. Ja

ispresentedW the

Figure

. ...* . . 6t08

Forallconfigurationstested,unsteadyflowcon&itionswerefound
to existin thehigh-liftrage, sndtheunsteadinesswasparticularly
severeata Machnwnberof0.90. ~ sm effortto defimetheseregions
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ofunsteadyflowbetter,repeatedcheckpotitswereo~tainedandareindi- ‘.
.-..

catedas flaggedsymbolsonthefigures.Becauseoftherandcnnnature
of thedatainthisliftandMachnumberregion,thefairingspresented v
areopento qyestion.ksmuch asthepitch-uptendenciesaremost
evidentata Machnumberof 0.90,thediscussiondeal.s.mainlywithcon-
ditionsexistingatthisspeed.

A comparisonof thepitcbiw-momentCtiacteristicsoftievario~ -
configurationswithouttheleading-edgediscontinuityispresentedin
figure15. As canbe seen,themostpredcm@nteffectonthepitching-
momentcharacteristicswasproducedby locatingthetailbelowthe~-
chordplane.Thisfavorableeffect,inevidgnceforallaspectratios,
ispresumedtobe duetothetailemergingfromthewi.ggwakeas the
angleofattackis increased.

Withthehorizontaltaillocatedabovethe.wing-c~ordplane (fig.-15)
pitch-uptendenciesareinevidenceatliftcoefficientsof0.65and0,73
forthewingswitl..aspectratiosof4.0and.~.0,respectively,withno
well-definedregionbeinginevidencefortheaspect-ratio-3.5wing.

Thewing-fuselagecombinations(fig.la)producepitchingmcmen.ts
thatv nonlinearl.ywithliftcoefficientandangleQ?attackforthe
wingswithaspectratiosof3.0and3.5. Thepitching-momentcoeffi-
cientoftheaspect-ratio~.Owinghasa ?.mrelinearvariationwithlift
butproducesamore severepitch-uptendencyathighlift.

An inspectionofthebasicpitching-mamentdata(parts(a)and(b)
offigures6 to14)indicatesthattheleading-edgediscontinuitypro- 2
ducednobeneficialeffectat M = O.~ and,in scmecases,hada
detrimental.effecton thepitchingmoment.

CONCLUSIONS

An investigationoftheeffectsof changesinaspectratioand
chemgesintailheightonthelongitudinalstabilityathighsubsonic
speedsofa modelwitha winghaving32,60sweepback,withandwithout
a leading-edgediscontinuity,indicatesthefollowingconclusions:

1.Forthersmgeofvariablesconsidered,smallreductionsinaspect
ratiocausedonlyminorvariationsin thehigh-liftstabilitycharacter-
isticsat a Machnumberof0.90.

2.Of thetailheightsinvestigated,themostfavorablepitching-‘-
momentcharacteristicswereproducedby locatingthehorizontaltail
belowthewing-chordplane,regardlessofwingaspectratiowithinthe

.

rsmgefrom3.0to4.0.

. . .

r
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3. Theleading-edgediscontinuityproducednobeneficialeffects
ata Machnmber of0.90and,insomecases,hada detrhmtaleffect
onthepitchingamnentcharacteristics.

LangleyAeronauticalLaboratory,
National.AdvisoryCcmmitteeforAeronautics,

LangleyField,Vs.,November20,1953.

l’.
-.. .
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TABLEI.-FUSEIAGEoI+ImwrEs

Cwsicfinenessratiou , actual-finenessratio9.8 --
achievedby cutting offrearportionof-bo@

_T.

I==z’”=l “-”
t

— %lmc –-

t

Ordinates,percentlength

Station

o
.61
,91

1.’32
3.05
6.10
9.15

IX?*2O
18.29
24.39
30.49
36.59
42.68
4J.g

60;98
67.07
73.17
79.27
85.37
91.46

100.00

Radius

o
.28
.36
.52
.88

1.47
1.97
2.40
3.16

::g
4.56
4.80
4.95
5.05
5.08
5.04
4.91
4.6g
4.34
3.81
3.35

Leading-edgeradius= O.6606z
—

.
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.. ..-. . ...,-.-...”.,+,-.!.” .- - --
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Section A-A

Figure3.- Detailsoftheleading-edgechordwisediscontinuity.Thesame
chord-etiensionfittingswereusedonthethreewings.



Figore 4.-Model imtalled on
system in the LEU@ey

<1 ,,

the variable-angle-of-attack stiog support
high-speed 7-by10-foottunuel.
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Figure 5.-Viewofmcdelshowing the strain-gage balance and some details
of the model construction.
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(a)Vwiationof ~ with a.
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